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Effective realistic nucleon-nucleon (NN) potentials that
do not scatter to high momenta contain momentum depen-
dent contributions. The Argonne potential [1] transformed
by means of the Unitary Correlation Operator Method [2],
for example, has a quadratic momentum dependence. Inter-
actions arising from the Similarity Renormalization Group
(SRG) method [3] show a more complicated momentum
dependence, which is, however, not transparent as these
potentials are constructed directly in matrix element rep-
resentation.
To investigate the momentum dependence of NN poten-
tials given by matrix elements, we use the phase-space rep-
resentation introduced by Kirkwood [4]. In this represen-
tation the phase-space distribution fps(~r, ~p) for a density
operator ρ and the representation Ops(~r, ~p) of an operator
O are given by
fps(~r, ~p) = (2π)
3/2 〈
~r
∣∣ρ∣∣ ~p 〉〈 ~p ∣∣~r 〉 (1a)
Ops(~r, ~p) = (2π)
3/2 〈~r ∣∣O∣∣ ~p 〉〈 ~p ∣∣~r 〉, (1b)
such that〈O 〉 = Tr (ρO)∫ d3rd3p f∗ps(~r, ~p) ·Ops(~r, ~p). (1c)
For a potential given in partial wave matrix elements〈
kLM ;S;T
∣∣V∣∣ pLM ;S;T 〉, with the momentum quan-
tum numbers L and M and spin and isospin S and T ,
Eq. (1b) can be rewritten as
Vps(~r, ~p) =4πe−i~r~p
∑
L,M
iLY LM (~ˆr)Y
L
M
∗
(~ˆp)×
∫ ∞
0
dkk2
〈
kLM ;S;T
∣∣V∣∣ pLM ;S;T 〉jL(rk), (2)
where Y LM is a spherical harmonic and jL a spherical Bessel
function. We describe the angular part of Vps(~r, ~p) by an
expansion in Legendre polynomials PΛ(~ˆr · ~ˆp):
Vps(~r, ~p) =
∑
Λ
iΛV Λps(r, p)PΛ(~ˆr · ~ˆp). (3)
Fig. 1 shows the first terms of this expansion calcu-
lated by means of Eq. (2) from the matrix elements of dif-
ferent potentials, namely a local potential V (r), a poten-
tial with quadratic momentum dependence, and a potential
with quadratic angular momentum dependence. For the lo-
cal potential, Vps(~r, ~p) is just V (r) and the phase-space
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representation does not depend explicitely on p and the
angle between ~r and ~p. For the quadratic momentum de-
pendent potential V = 12
(
~p 2V (r) + V (r)~p 2
)
the phase-
space representation shows a characteristic quadratic mo-
mentum dependence for Λ = 0 and a Λ = 1 contribution
reflecting the fact that ~r and ~p do not commute. All higher
Λ-contributions vanish. Vps(~r, ~p) of the quadratic angular
momentum potential contains terms up to Λ = 2. Poten-
tials with more complicated momentum dependencies, for
example from a SRG transformation, would create contri-
butions also for higher Λ.
Figure 1: Phase-space representation V Λps(r, p) in arbitrary
units for (a) V = V (r), (b) V = 12
(
~p 2V (r) + V (r)~p 2
)
,
(c) V = V (r) ~L2. V (r) = e− r
2
2 fm2 .
These results show that the phase-space representation
is able to visualize the (non-) local structure of a potential.
In further studies we plan to employ this method to inves-
tigate the momentum dependence of various realistic NN
potentials given in matrix representation.
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